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1 Introduction 

A recent and interesting development of the Heavy Quark Effective Theory (HQET) ||3/ 
is represented by the study of the chiral effective lagrangian containing heavy mesons ||2|, 
0, [Q, 1^. The idea is to generahze chiral effective theory by terms containing heavy 
mesons, described by effective field operators, as well as their interactions with the light 
mesons. 

A consistent way to implement this program should not only define the heavy meson 
field operators, but also respect all the symmetries of HQET, i.e., 

a) spin symmetry; a well known consequence of it is the fact that heavy mesons can 
be organized in spin multiplets, e. g. the 0~ and the 1~ mesons; 

b) heavy flavour symmetry; this symmetry holds provided mq » Aqcd and applies 
to quantities that remain finite in the limit mq — >■ oo; 

c) velocity superselection rule, which implies that the effective lagrangian describing 
strong interactions should be written as a sum of terms that are diagonal in the velocity 
dependent heavy meson field operators. 

Moreover the lagrangian should respect chiral symmetry not only in the terms con- 
taining light fields, but also in the part containing the heavy meson operators. 

An important step of this program is the determination of the coupling constants 
of the lagrangian. To this issue I shall devote most of this talk. This determination 
can render chiral effective theory for heavy mesons a useful tool to deal with different 
aspects of the interactions between light and heavy mesons as well as with their weak and 
electromagnetic interactions. 



2 The chiral effective lagrangian for light and heavy 
mesons 

To begin with, we describe the effective field operators appearing in the chiral lagrangian. 
Negative parity heavy Qqa mesons are represented by field operators in the form of a 4 x 4 
Dirac matrix 



2 
Ha = loHho (2.2) 



Ha = '-^^[P:,r - Pal,] (2.1) 



Here v is the heavy meson velocity, a = 1,2,3 (for u,d and s respectively), P*^^ and Pa 
are annihilation operators normalized as follows 



{Q\Pa\QqaiO-)) = JMh (2.3) 



{0\P:\Qqa{l-)) = e^^Mn (2.4) 

with v^P* = and Mh = Mp = Mp*, is the heavy meson mass. The pseudoscalar light 
mesons are described, as usual in chiral effective theory, by 

e = exp— (2.5) 
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where 

M= TT- -^\t^^+^\v K^ (2.6) 

where /,r — 132MeV is the pion leptonic decay constant in the chiral hmit. Under the 
chiral symmetry the fields transform as follows 

(2.7) 

(2.8) 

(2.9) 

(2.10) 

where S = ^^, gi, qr are global SU{'i) transformations and f/ is a function of x, of the 
fields and of ql, Qr- 

The lagrangian describing the fields H and S, and their interactions, under the hypoth- 
esis of chiral and spin-fiavour symmetry and at the lowest order in light mesons derivatives 

is i,i, i i : 

^o = ^< 5^S9^ST >+i< HbV^D^haHa > +tg < Ha^^,AlHa > (2.11) 

o 

where < . . . > means the trace, and 

D^ba = S,ad^ + V^ta = had^,+ l{^^d^^ + ^d^^^)^^ (2.12) 

A,ta = li^d.^-^d.e)^^ (2.13) 

Besides chiral symmetry, which is obvious, since, under chiral transformations, 

D^H -^ UD^H 

A^ -^ UA^U^ , (2.14) 

the lagrangian (2.11) possesses the heavy quark spin symmetry S'f/(2)„, which acts as 

Ha ^ SHa (2.15) 

Ha ^ HaS^ (2.16) 

with SS^ = 1 and [^, 5*] = 0, and a heavy quark fiavour symmetry arising from the absence 
of terms containing mq. 

Explicit symmetry breaking terms can also be introduced, by adding to Cq an extra 
piece Ci containing corrections at the lowest order in rriq and l/mq. I do not write down 
it here 0, [^ but it is worth stressing that it is precisely this term which is responsible 
for the light pseudoscalar meson masses and for the mass difference 6mH between the 
particles P and P* contained in the field H, i.e.: 

Mp = Mh Mp* = Mh + Stuh (2.17) 



The vector meson resonances belonging to the low-lying SU{3) octet can be introduced 
by using the hidden gauge symmetry approach p, (for another approach see |^). The 
new lagrangian containing these particles, to be added to Cq + Ci, is as follows: 
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A = -^a<{V,-p,r>+^<F,,{p)F^%p)> 

+ -^ < HbHaHaHb > +iX < Hta^''F^,{p),aHa > (2.18) 

where F^^{p) = d^p^, - d^^p^ + [p^, p^], and p^ is defined as 

Pm = ^-^Pm (2-19) 

p is a hermitian 3x3 matrix analogous to (2.6) containing the light vector mesons p°'^, 
K* , tug. gv, P, A and a are coupling constants; by imposing the two KSRF relations 
one obtains 

a = 2 ^y ^ 5.8 (2.20) 

The resulting effective lagrangian C = Cq + Ci + C2 can be generalized to include 
low-lying positive parity Qqa heavy meson states. For p waves (Z = 1), the heavy quark 
effective theory predicts two distinct multiplets, one containing a 0"*" and a l"*" degenerate 
states, the other one comprising a 1"'' and a 2~^ state [^ , [Q |T^ . Their inclusion is needed 



if one wishes to describe heavy mesons semileptonic decays into a final state containing 
a light vector meson. We refer to the literature for such an analysis [^ . In the remaining 
part of this paper I will address the problem of the determination of the unknown strong 
coupling constants g and A (no determination oi /3 is available yet). 



3 Semileptonic decays 

I now wish to show that semileptonic decays of the heavy pseudoscalar mesons into final 
states containing light mesons can be used to determine the strong coupling constants g 
and A. In doing that, however one has to make a further assumption concerning the q^ 
behaviour of the semileptonic form factors. 

At the lowest order in derivatives of the pseudoscalar couplings and in the symmetry 
limit, weak interactions between light pseudoscalars and a heavy meson are described by 
the weak current |0]: 

^:^ = Y < 7'^(1 - 75)i^4a > (3.1) 

where F is related to the pseudoscalar heavy meson decay constant fp, defined by 

< 0|g,7^5Q|n(p) >= ^P^fpSab (3.2) 

as follows: 



F = fpJMH. (3.3) 



F is finite in the mq -^ oo limit and is independent of tlie lieavy quark mass, but for 
logaritlimic corrections that are however tiny. Its numerical value can be inferred by QCD 



sum rules analyses [|TI 



F = 0.41 ± 0.04 GeV^/^ (3.4) 

This result is obtained including radiative 0{as) corrections. 

Let us first consider the semileptonic decay of the heavy pseudoscalar meson into a 
light peudoscalar meson. To be definite we consider the decay: 

B -^ iriui (3.5) 

The hadronic matrix element can be written in terms of the form factors Fq, Fi as follows 

<7r(p')|X^1i?(p) >= [{P + Pr+ \, \ ']F,{q')- -^, ^ g^Fo(g^) (3.6) 

where q^ = {p — p'Y-, -fo(O) = -^i(O). The form factors Fq and Fi take contributions, in a 
dispersion relation, from the O"*" and 1~ meson states respectively. 

Using the chiral lagrangian and the current (3.1), one obtains, at the leading order in 
l/mg and at q^ = g^ax' the following result 



2 ^ gVM^F 

whereas -Fo(Q'max) is found to satisfy the analogous of the Callan Treiman relation in 
the chiral limit [^. It is worth stressing that this result arises from a polar diagram 
with a B* exchange; k^^ is the residual momentum related to the physical momenta by 

ki^ = qi^ - Mb-v^" (and p^' = Mbv''). 

A similar analysis can be performed for the semileptonic decay process with a light 
vector in the final state. For definiteness we examine 

B -^ piui (3.8) 

and we consider only the vector current matrix element 

< pie^p'W'^lBip) >= -^^^^""^'^P'^p'p (3.9) 

In a dispersion relation the form factor V{q^) takes contribution from the 1~ pole, i.e. 
the B* particle. 

Using the chiral lagrangian and the current (3.1) one gets, at q^ = q'^^^ and at leading 
order in l/mq the result 

f (ft..„) = -^AF^=^-^-^-^ (3.10) 

These results are obtained in the chiral limit and for mq — *■ cxd; in these limits they 
apply not only to the decays B — > Ttdv^ or 5 — > p^z/^, but also, using the simmetries of the 
effective current and lagrangian, to e.g. D -^ niui, D -^ pii^t, D -^ Kiui, D -^ K*ii'i etc. 



Therefore we could use experimental data on these decays to fix the unknown quantities 
g and A. In order to make contact with the experimental data, however, we have to make 
an ansatz on the q^ behaviour of the form factors. The contributions we have written 
down arise from polar diagrams, which suggests a simple pole behaviour. This is also 
hinted by the QCD sum rules analysis contained in Ref. |]12|. Therefore we assume for 
the form factors Fi{q^) and V{q^) the generic formula 

n^') = ^ (3.11) 

r 9 

For the pole masses we use the masses indicated by a pole dominated dispersion relation 

0. 



For the D ^ n semileptonic decay one gets: 

.,0, - -|£^^££:±^^. ,3.., 

From the experimental value |-Fi(0)| = 0.79 ± 0.20, one gets: 

1^1 = 0.40 ±0.10 (3.13) 

This result agrees, within the errors, with the result obtained using as an input D —>■ K 
semileptonic decay W^ 



Let us now turn to semileptonic decays into vector mesons. The experimental input 
we can use from D -^ K*ii'£ is as follows: 

\/(0) = 0.95 ± 0.20 (3.14) 

This is an average among the data from the different Fermilab experiments ||15[, ||16||. 



More recent data from the E-687 Collaboration |T^ agree, within the errors, with |3.14 . 
The calculated weak coupling at g^ = is: 

and one numerically obtains for A: 

|A| = 0.40 ±0.10 Ge1/~\ (3.16) 

It is interesting to compute, by the values of g and A in Eqs. (|3.13|) , (|3.16|) and by using 
previous results for -Fi(O) and V^(0) (adapted to B case) the values of the form factors for 
the B — > Tilvi and B -^ piui decays. One obtains 

|Fi^^^(0)| = 0.53 ±0.13 (3.17) 

11/^-^^(0)1 = 0.61 ±0.15. (3.18) 



To conclude, Eqs. ( p.l3| ), ( |3.16| ) are the results for the strong coupling constants of the 



chiral effective lagrangian obtained by the analysis of semileptonic decays. Since they 
are based on an extra assumption (polar g^ behaviour of the form factors Fi and V) and 
on the neglect of the heavy mass corrections, it is worth looking for different theoretical 
and/or phenomenological determinations. 



4 Radiative decays 



In this section we shall show that the results of Eqs. ( |3.13|) and (|3.16|) are compatible 
with the experimental data on the radiative decay 

D* ^ D-f . (4.1) 

The matrix element for this decay can be written as follows: 

M{D* ^D-f) = ee*^'Jf, (4.2) 

with: 

J, = <D{p')\r;^wip,v)>= 

= <D{p')\eQQYQ + egqYq\D*{p,v)>= (4.3) 

= egJ^ + egJ'^, 

where eg = | is the heavy quark {Q = c) charge and e, is the light quark charge (e, = 
Cu = 2/3 for D*^ and Cg = —1/3 for D*^ and D*). Let us consider the two currents 
appearing in ([4.3|) separately. J^ can be expressed in terms of the Isgur-Wise universal 
form factor ||3^ as follows: 



< D{p')\cYc\D*{p,r]) >= i^MdMo^^v ■ v')e^^''''^r^,v^v'p , (4.4) 

where p' = M^v', p = Md*v and f ■ f ' ~ 1 at g^ = 0. 

As for vector current containing light quarks J^, one can assume Vector Meson Dom- 



inance [0 and write: 



J', = J:< Dip')Viq,e,iX))\D*ip,v) > ^— -^ < Q\q^^q\Viq,e,iX)) > (4.5) 

where g^ = and the sum is over the vector meson resonances V = u, p^ , (p and over the 
V helicities. The vacuum-to-meson current matrix element appearing in ( [4.5| ) is given by: 



<Q\qr^^q\V{q,e,)>=e,^fv , (4.6) 



From uj -^ e~^e~ and p° -^ e~^e~ decays [^ we get fp = fui = 0.17 GeV"^; from -^ e^e~ 
we have /^ = 0.25GeV'^. Using ( |4.6|) and the strong lagrangian £2 we can easily compute 
J^ and therefore (|4.3| ). The results are ||18|| : 

M{D* ^D^) = i e^^^^^eli^^Vo^v'^^MoMD^lcQ - e,2V2gvXMD*^] , (4.7) 



M{D: ^ Z},7) = ^ e'^^'^^e;v.v^v'^^Mnmn*[eQ + UV2gy\Mj,,j^] , (4.^ 



where eg = e^ = |. Eq.(g;3) holds for both £>*+ -^ D+7 and D*° -^ D^-f (with e^ = -| 
and I respectively). We can now use the determination of A contained in the previous 
section to obtain the radiative widths. Since we have only obtained the absolute value of 
A, we have to fix the sign, which can be done by imposing that the relative sign between 
the two contributions is identical to the one given by the constituent quark model |]20[| , 
i.e. we take 

A = -0.40 ±0.10. (4.9) 

It is clear that Eqs.([4.7|), ( |4.8| ) describe with obvious changes also B* radiative decays. 



From the amplitudes (|4.7| ), (^4.8|) we can compute radiative decay rates for D* and B* . 
Moreover one can compute the decay width for the process 

D* ^ Dn , (4.10) 

that can be written in terms of the matrix element 

<7r-{q)D''{q2)\D*~{q,,e)>= gD*Dne^-q^ (4.11) 

The strong coupling constant go'D-n is related to the scaled constant g of the effective 
chiral lagrangian by the formula 

go'D. = ^g . (4.12) 

Jit 

which is valid in the infinite heavy quark mass limit. 

The numerical results for the D* and B* decay widths are reported in Table I together 



with the CLEO data [^ on radiative D* decays. We observe an overall agreement 
between theoretical results and experiment, which we interpret as a corroboration of the 
numerical values indicated by the semileptonic decays. We point out however that if we 
use semileptonic D decays to predict radiative and strong D decays we do not actually 
test the heavy flavour symmetry and, in particular, the results for g and A that have been 
obtained could be effective values, containing a heavy quark mass dependence. This is 
the reason to get independent determinations of these constants, as we will see in the next 
sections. 



It can be finally observed that the general structure of the matrix elements 
and (^ of ]T8[ coincides with analyses of other authors 0], |22[, [0, 0, [0, but 



there are some numerical differences mainly arising from the light quark current that is 
not provided by the heavy quark effective theory and is treated by different authors in 
different manners. 



Table I 



Decay rate/ BR 
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experiment 
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5 Quark model determination of the strong coupling 
constant g 

The previous analyses, based on semileptonic and radiative decays of heavy mesons point 
to a rather small value of the strong coupling constant g appearing in the effective chiral 
lagrangian. In the literature one can find the value (7 ~ 1, [^J as given by the non 
relativistic potential model. It is interesting to show that the quark model result for g 
can be reconciled with our previous finding g ~ 0.40 provided one takes into account 
the relativistic motion of the light quark inside the heavy meson [^. This analysis is 



based on a QCD inspired relativistic potential model where the heavy hadrons Da and D*, 
made up by the quark Q and the antiquark g^, are described by a relativistic wavefunction 
ip{k ± xp, —k ± (1 — x)p). This wavefunction satisfies the Salpeter equation pS 



{ \ {k + xp)"^ + itlq + J[—k+{l — x)p\'^ + m'^^ — yM'l)+fp\'ilj{k + xp,—k+{l — x)'p) 
+ f dk'V{p, k, k')ij{k',p- 9) = (5.1) 



that arises from the bound-state Bethe Salpeter equation by considering the instanta- 
neous time approximation and restricting the Fock space to the Qq pairs (for more details 
p9|). The Salpeter equation includes relativistic effects due to the kinematics explic- 



see 



itly and is valid in a moving frame where the meson D (or D*), having mass Mn, has 
momentum p; the wave function ip is normalized as follows: 



i2ny 



dk\iP\' = 2JMl+f , (5.2) 



Note that the quark Q and the antiquark g^, carry momenta k + xp and —k ± (1 — x)p 
respectively. 

8 



The instantaneous potential V coincides, in the meson rest frame, with the Richardson 
potential |3^; in the r-space it grows linearly when r — ;> oo and follows QCD predictions 
for small r. In order to avoid unphysical singularities [0], one assumes that V{r), near 
the origin, is constant: 



V{r) = V{rM) 



r < tm 






(5.3) 



The values of the parameters, as obtained by fits to meson masses, are as follows: mu = 
rud = 38 MeV; m, = 115 MeV, m^ = 1452 MeV, rrib = 4890 MeV, X' = 0.6. 

In order to compute the strong coupling constant g one expresses the axial current A^ 
containing the light quarks in terms of quark operators. Taking the derivative of A^, one 
obtains (J5 = id'~^^u): 



(m„ + md) < D%k)\J,\D*+{p, e) >= -t{e ■ q) 2MD'Ao{q^) . 



(5.4) 



where AqIq'^) is a form factor that, for small g^, is dominated by the vr pole. One therefore 
obtains, for g^ small: 



_ M^ - q^ 2Md, 
which shows that, in the chiral limit (g^ = 0), 



Ao{q' 



(5.5) 



g = A(o) . 



(5.6) 



If Eq = Jk"^ + m^, rriu = rrid = rUq and u{k) is related to the wave function ^ with p = 
by the equation: 



u{k) 



kipik) 



one obtains 



g = Ao{o) 



AMdJo 



dk\u{k)?^^^ 



3iEq + m,)2 



(5.7) 



(5.^ 



It is interesting to consider immediately the non-relativistic limit, where: Eg ~ rriq ^ 
k. In this limit one obtains: 



g 



1 



dk\u{k)[' 



(5.9) 



2MdJo 
because of the normalization of the wavefunction. Eq. ( |5.9| ) reproduces the well known 



constituent quark model result [^],|]32| 



Let us now take in 



the limit mq — » 0, which is possible since we work in the 



chiral limit and there is no restriction to the values of m„ in the Salpeter equation In this 



case, we obtain: 



'=3 



(5.10) 



It is worth to stress that the strong reduction of the value of g from the naive non relativis- 
tic quark constituent model value {g = 1) to the result ( |5.10| ) has a simple explanation in 
the effect of the relativistic kinematics taken into account by the Salpeter equation. 

If one introduces light quark masses as given by the fit of the meson masses {m,q = 38 
MeV 1^), one has to consider Eq. (|5.8| ). u{k) is obtained by solving the Salpeter 
equation numerically by the Multhopp method BH]. In this case one obtains 



^-0.39, (5.11) 

a result in agreement with the previous determination based on the semileptonic D decays. 



6 QCD sum rule calculation of g 

Finally I report on a recent calculation based on QCD sum rules ||3^ (for other similar 
calculations see [22|, ||35|| ) . 



Let us consider the off-shell process 

B*-ie,q,)^B\q,) + n-iq). 
One considers the correlator 

A,{P, q) = i(dx< 7r-(g)|T(V^(x)j5(0)|0 > e"^"!^ = Aq^ + BP^ 



(6.1) 



(6.2) 



where V^ = w^^h, j^ = ib'j^d, P = qi + q2 and A, B are scalar functions of qf, g|, g^. 

Both A and B satisfy dispersion relations and are computed, according to the QCD 
sum rules method, in two ways: either by saturating the dispersion relation by physical 
hadronic states or by means of the operator product expansion (OPE). Considering the 
invariant function A in the soft pion limit (g — »• 0) and for large Euclidean momenta 
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— cxd) and performing the OPE one has the following result 



(6.3) 
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(6.4) 



_{ql-mlY {ql-nof^j 

In eqs.( |6.4|) < uu > is the quark condensate (< uu >= — (240MeV^)^), mg and mi are 
defined by the equations 

< ugscr ■ Gu >= ml <uu> (6.5) 

and 

<Ti{q)\uD'^'^^'^^d\Q>= -if^mlq^ (6.6) 

and their numerical values are: m^l = 0.8 GeV"^, m^ = 0.2 GeV"^ [^, ^ . 

We now write down the hadronic side of the sum rule. In the dispersion relation 

p{s,s') 



A{0,qf,ql) = —Jdsds'-^ 



s-ql){s' 



ql) 



(6.7) 



one divides the integration region into three parts. The first region (I) is the square given 
by m^ < s < So, m^ < s' < Sq; for sq small enough, (I) contains only the B and B* poles, 
whose contribution is 



Ai{0,qlqi: 



fsfB^Ml r (7B.B.(3M|. +M|) 



+ 



Am.MB* ^{ql-Ml,){ql-Ml] 
gB'Bw , 3/+ — /_ 



+ 



+ 



(6.8) 



ql-Ml. ql-Ml- 
where /s, /b*, are the usual leptonic decay constants, while /+ and /_ are defined by 

< Ti- {q)^ {q^)\B*- {q,) >= (/+P^ - f_q,)e^ . (6.9) 



The remaining integration regions in ( |6.7| ) contain new unknown couplings. However 
one can get rid of them as well as of the term containing 3/+ — /_ in (|6.8|) . Indeed 
the unwanted terms (the so called "parasitic terms") for qf = ^3 are proportional, after 
the Borel transformation, to 1/M^, while the contribution we are interested in, i.e. the 
term containing the factor fi'B*B7r(3M^* + M^), after the Borel transform, gives rise to a 
contribution proportional to 1/M'^, if one neglects the tiny mass difference between Mb* 
and Mb- Therefore one can exploit the different M^ behaviour to isolate the relevant 



contribution p4[. Without going into details, I report here the result of this analysis for 
the case mg -^ 00. 

The infinite heavy quark mass limit {ruf, — >■ cx)) is performed according to the usual 
procedure [^, [|lT| |3^. In terms of low energy parameters the quantities appearing in 
the finite mass sum rule are written as follows: 



M, 



B 



TTlh + UJ 



Mr, 



Mb 
Ib = Ib 

11 



mfe 



(6.10) 



uj represents the binding energy of the meson, which is finite in the hmit mi, — ^ 
been computed by QCD sum rules: for u = 0.625 GeV and the threshold yo ■ 
the range 1.1 - 1.4 GeV the result is F = 0.30 ± 0.05 GeV^/"^ (at the order a 



oo; F has 



SQ-ml 



m 



2mi, 

0) and 
0.41 ± 0.04 GeV^^'^ (including radiative corrections), as we have stressed already. 
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The sum rule for g is derived after having expressed the Borel parameter M^ in terms 
of the low energy parameter E: M^ = 2mhE. One readily obtains: 



9 



+ 




5mf rriQ < uu> 

18^^ 



16i?2/2 



(6.11) 



We observe that the sum rule only gives the combination F"^ g; therefore the result has 
a strong dependence on F . This sum rule must be studied in the region of the external 
parameter E where the OPE is assumed to converge and where the contribution of higher 
resonances is small ("duality" region); moreover the various terms of the OPE should 
display a hierarchical structure, according to their dimension. The corresponding result 
is, without inclusion of 0{as) corrections: 



^ = 0.44±0.10G'e1/' 



(6.12) 



One may have a hint on the possible role of the 0{as) corrections, by considering only 
those induced by F, that are available and should represent the largest part of such 
corrections |3^; in this case one would get 
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0.24 



(6.13) 



The difference between (|6.12|) and 



r^D reflects the well known important role of radiative 
corrections in the determination of fs by QCD sum rules in the rriQ -^ oo limit ||40|| . 



Results compatible, within the theoretical uncertainties, with 6.12 have been obtained by 



light cone sum rules in El 



7 Conclusions 



The strong couplings g and A play an important role in heavy meson phenomenology. 
They are relevant in the strong and radiative decays of the heavy mesons and are expected 
to be important for their semileptonic decays into flnal states containing light mesons. 
They are also important inputs in the effective chiral lagrangians for heavy mesons. I 
have presented several ways to determine these constants: by semileptonic decays 0, 
using analysis of radiative transitions [TE\, a relativistic potential model approach ^7^ 



and QCD sum rules [Q. These results can be summarized as follows: 

A = -0.40 ±0.10 



(7.1) 
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1^1 =0.25 - 0.50, (7.2) 

where the interval of values for \g\ represent a realistic range of values as derived from 
previous analyses. 
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